Background/Objectives: Lifestyle habits, vascular function and inflammation are components in the development of cardiovascular disease (CVD). We investigated whether simple advice on dietary and exercise habits given (at a single time point) to hypercholesterolemic men affects circulating biomarkers of inflammation and vascular adhesion. Subjects/Methods: In total, 157 men (age 46±5 years) with mild hypercholesterolemia were randomized to four intervention groups, diet (D, n ¼ 40), exercise (E, n ¼ 39), diet and exercise (DE, n ¼ 39) or controls (C, n ¼ 39) and serum concentrations of C-reactive protein (CRP), interleukin-6 (IL-6), soluble intercellular adhesion molecule 1 (sICAM-1), soluble vascular cell adhesion molecule 1 (sVCAM-1) and soluble E-selectin (sE-selectin) were quantified at baseline and after a 6-month intervention period. Results: The intervention applied in this study, that is, simple advice on lifestyle changes given at a single time point, had a modest effect on inflammatory biomarkers and soluble vascular adhesion molecules. The most apparent alterations were found for individuals in group DE, who responded with significant reductions in sICAM-1, À28 (À41 to À14 mg/l) and sE-selectin, À3.6 (À6.9 to À0.3 mg/l) after 6 months. None of the groups had altered their concentrations of sVCAM-1, CRP or IL-6 significantly after the intervention. In all individuals combined, we found changes in apolipoprotein B (apoB) to predict alterations in sICAM-1 (b ¼ 0.21) and sE-selectin (b ¼ 0.26), independently of changes in inflammation and other adhesion molecules. Conclusions: These observations indicate that even small efforts to improve diet and physical activity can influence biomarkers of vascular function in individuals at increased risk for CVD. ApoB was identified as an important determinant of this improvement, which adds further support to the notion of apoB as a critical target in cardiovascular prevention.
Introduction
The role of inflammation and vascular function are today considered central in the development of atherosclerosis and cardiovascular disease (CVD; Ross, 1993; Hwang et al., 1997; Libby, 2002; Kuvin and Karas, 2003) . Elevated plasma concentrations of the inflammatory biomarkers C-reactive protein (CRP) and interleukin-6 (IL-6) reflect pro-inflammatory conditions that in turn are strongly related to CVD Ridker et al., 2002) . Intercellular adhesion molecule 1 (ICAM-1), vascular cell adhesion molecule 1 (VCAM-1) and E-selectin are important adhesion molecules that mediate the interaction between circulating leucocytes and the vessel wall, thus facilitating the recruitment of T cells and macrophages to the atherosclerotic lesion (Schram and Stehouwer, 2005) . High circulating levels of the soluble forms of adhesion molecules (that is, sICAM-1, sVCAM-1 and sE-selectin) are believed to reflect increases in endothelial activity that in turn has been associated with an unfavourable cardiovascular prognosis (Ridker et al., 1998; Tzoulaki et al., 2005; Deanfield et al., 2007) . Previous studies have indicated that lifestyle changes can reduce circulating markers of inflammation and soluble adhesion molecules, as reviewed in Kontogianni et al. (2006) , with a proposed beneficial effect on cardiovascular risk.
In Western societies a large part of the population suffers from dyslipidemia, which can present in many forms and furthermore and is recognized as one of the most important risk factors for CVD (Yusuf et al., 2004) . Hypercholesterolemia represents one type of dyslipidemia and individuals with hypercholesterolemia are frequently treated with lipidlowering compounds, of which statins dominate with their additional pleiotropic effects on CVD risk (Akdim et al., 2007) . Although lifestyle changes (including diet, physical activity, stress and smoking) should form the basis in the prevention and treatment of atherosclerotic diseases (Graham et al., 2007) , the emphasis on lifestyle changes in clinical practise is often left behind. Importantly, lifestyle intervention does not have to be complicated to have a considerable impact. In previous publications, we have shown that simple advice on dietary and/or exercise habits given (at a single time point) to middle-aged men with mild hypercholesterolemia, resulted in significant improvements in a range of cardiovascular risk factors (Hellenius et al., 1993 (Hellenius et al., , 1994 (Hellenius et al., , 1995a . In this study, we investigated whether simple advice on changes in dietary and/or exercise habits also induced alterations in circulating levels of inflammatory biomarkers (CRP and IL-6) and soluble vascular adhesion molecules (sICAM-1, sVCAM-1 and sE-selectin) in our population of middle-aged men with mild hypercholesterolemia.
Materials and methods

Study population
In total, 187 healthy middle-aged men (35-60 years), who participated in a community based cardiovascular prevention program in the northern Stockholm area, Sweden, were invited to the study. The inclusion criteria were serum cholesterol concentrations between 5.2 and 7.8 mmol/l, fasting triacylglycerols p5.6 mmol/l, fasting blood glucose p6.7 mmol/l and diastolic blood pressure p100 mm Hg. In total, 158 men agreed to participate (participation rate 84%) and all except one participant completed the study. Details of the study group have previously been reported (Hellenius et al., 1993) . None of the men were on lipid-lowering treatment. After the baseline evaluation, participants were randomly assigned to three intervention groups: diet (D, n ¼ 40), exercise (E, n ¼ 39), diet and exercise (DE, n ¼ 39) or a control group (C, n ¼ 40) and re-examined after 6 months. Informed consent was obtained from all participants and the study was approved by the local ethics committee and conformed to the Declaration of Helsinki Principles.
Clinical procedure
The participants underwent a detailed 3-day examination at baseline and after 6 months, including anthropometric and blood pressure measurements, as described (Hellenius et al., 1993) . Sagittal abdominal diameter was measured to the nearest centimetre with the participant lying flat on a firm bed and a water level placed halfway between the lower rib margin and the iliac crest. It is noteworthy that a recent study, in which all anthropometric measurements were taken into account, found sagittal abdominal diameter to be the strongest predictor of cardiometabolic risk in male individuals (Riserus et al., 2010) . Venous blood samples were drawn from an antecubital vein after overnight fasting, with recommendations to abstain from smoking in the morning hours and to avoid strenuous physical activity in the preceding 24 h. Blood sampling was not performed during acute infections or during ongoing treatment with antibiotics. Participants performed an exercise tolerance test in the nonfasting state, as described in Hellenius et al. (1993) , and physical exercise performance was expressed as the heart rate at a given workload (150 W).
Biochemical analysis
Serum lipoproteins were determined by preparative ultracentrifugation, precipitation and quantitative lipid analysis as described (Carlson, 1973) . Cholesterol and triacylglycerols were determined by a modified colorimetric method and apolipoprotein B (apoB) by turbidity immunoassay (Rochel, Basel, Switzerland) . Blood glucose was measured by an enzymatic method (Kodak, Ektachem, Germany) and serum insulin by a radioimmunoassay technique (RIA 100; Pharmacia, Uppsala, Sweden). Serum samples were used to quantify CRP and IL-6 concentrations with high-sensitivity immunoassays (R&D Systems, MN, USA) and soluble adhesion molecules (sICAM-1, sVCAM-1 and sE-selectin) by immunoassays (R&D Systems). Single measures were run, and coefficient of variations for each standard curve measurements were in the range of 1.5-7.0% for IL-6; 0.9-2.7% for sICAM-1; 1.0-1.8% for sVCAM-1; and 0.8-3.0% for sE-selectin. CRP quantifications were carried out at a certified laboratory within the Karolinska University Hospital.
Intervention
The men randomized to intervention were given individual verbal and written information about diet and/or exercise Lifestyle, inflammation and vascular adhesion P Sjögren et al from the study physician on one single occasion, as described earlier (Hellenius et al., 1993) . The advice given followed the guidelines for the treatment of hypercholesterolemia and prevention of CVD (EAS, 1987; Alberti and Gries, 1988; Gordon and Scott, 1991) . At 2 weeks after receiving the first information, the men in the diet groups, together with their wives, met a dietician once. The dietary advice given on this single occasion aimed to modulate caloric intake to maintain or reach desirable body weight and to generate a dietary composition of less than 30 energy percent (E%) from fat, less than 10 E% from saturated fat, 10-15 E% from monounsaturated fat, 10 E% from polyunsaturated fat, 50-60 E% from carbohydrates (mainly complex) and less than 300 mg per day of cholesterol. The men in the group E were recommended regular physical activities of an aerobic type 2-3 times a week at an intensity of 60-80% of maximal heart rate and lasting 30-45 min. In addition, participants in the group E were offered to take part in supervised exercise sessions once a week. Those assigned to group C were told to maintain their previous lifestyles.
Statistical analysis
Statview (SAS Institute, Cary, NC, USA) was used for analysis. Baseline data are presented as mean±s.d., or as median when data were skewed. Between-group differences were analysed with analysis of variance, Kruskal-Wallis or MannWhitney U-tests, depending on the number of groups and normality of data distribution. Variables were normalized before investigating post-interventional treatment effects and paired t-tests were used to evaluate within-group effects. Between-group differences for post-intervention treatment effects in inflammatory biomarkers and soluble vascular adhesion molecules were tested by analysis of covariance, taking baseline concentrations into consideration. Postinterventional treatment effects were also tested on a pairwise basis to evaluate differences between individual treatment groups. Variables predicting changes in inflammatory biomarkers and soluble vascular adhesion molecules were identified in univariate and multivariable (forward multiple stepwise regression) analyses. Independent variables included in the multivariable model had a P-value o0.10 in univariate analysis and correlation coefficients between independent variables were o0.60. A P-value of o0.05 was considered significant.
Results
Baseline characteristics from this study have been published (Hellenius et al., 1993 (Hellenius et al., , 1995b , revealing that our participants were slightly obese men (46±5 years) with a mild hypercholesterolemic phenotype. As depicted in Table 1 , when participants were divided according to intervention groups, subtle between-group differences were noted for anthropometric, lipid, insulin and lifestyle measurements, but only baseline levels of apoB reached statistical significance (higher in the DE group). Certain between-group differences were observed for biomarkers of inflammation and soluble adhesion molecules. Individuals in the group E had significantly higher basal IL-6 vs the group D, lower sICAM-1 vs the combined group DE and lower sVCAM-1 vs all groups.
Post-interventional effects in inflammatory biomarkers and soluble vascular adhesion molecules Post-intervention results showed none of the intervention strategies to induce any significant changes in circulating CRP or IL-6 concentrations, and no significant betweengroup differences were found ( Table 2 ). Circulating levels of soluble adhesion molecules were, however, affected and individuals in the group DE lowered their serum concentrations of sICAM-1 and sE-selectin, significantly. Unexpectedly, individuals in the group C responded with a postinterventional decrease in circulating sICAM-1. Furthermore, the changes in sICAM-1 in the combined group DE and in group C differed significantly from those in the exercise group. Of note, between-group differences were adjusted for baseline concentrations.
Identifying determinants of changes in inflammatory biomarkers and soluble vascular adhesion molecules
In all individuals combined, we identified determinants of changes in inflammatory biomarkers and soluble vascular adhesion molecules, by using univariate and multiple stepwise regression analyses (Tables 3 and 4) .
Changes in CRP were related to changes in IL-6, sICAM-1 and sE-selectin in univariate analysis. The multivariable model identified alterations in IL-6, sE-selectin and insulin as independent determinants (all positively) of CRP changes. Alterations in anthropometric and metabolic variables were unrelated to CRP changes in this population.
Changes in IL-6 were negatively related to alterations in apoB, total cholesterol and low-density lipoprotein (LDL) cholesterol, but positively related to alterations in CRP and sE-selectin in univariate analysis. The multivariable model identified alterations in LDL cholesterol as a negative determinant and CRP as a positive determinant of IL-6 changes. Alterations in anthropometric variables were unrelated to IL-6 changes in this population.
Changes in sICAM-1 were positively related to alterations in apoB, LDL cholesterol, CRP, IL-6, sVCAM-1 and sE-selectin in univariate analysis. The multivariable model identified alterations in apoB, CRP and sE-selectin as independent determinants (all positively) of sICAM-1 changes.
Changes in sVCAM-1 were positively related to alterations in sICAM-1 and sE-selectin in univariate analysis, but alterations only in sICAM-1 were an independent determinant of sVCAM-1 changes.
Changes in sE-selectin were positively related to alterations in weight, body mass index and sagittal abdominal diameter, as well as alterations in circulating apoB, triacylglycerols, total cholesterol, LDL cholesterol, CRP, sICAM-1 and sVCAM-1 in univariate analysis. The multivariable model identified alterations in sagittal abdominal diameter, as well as in circulating apoB, CRP and sICAM-1 as independent determinants (all positively) of sE-selectin changes.
Discussion
Data from this lifestyle intervention study have been reported previously (Hellenius et al., 1993 (Hellenius et al., , 1995a Hellenius et al., 1994) . In those studies, simple advice on lifestyle modification was shown to induce favourable changes in glucose and insulin homoeostasis, body weight, blood Lifestyle, inflammation and vascular adhesion P Sjögren et al pressure and LDL cholesterol with an overall improvement in risk estimates of future CVD. In addition, favourable longterm effects remained for many of these parameters when the participants were re-investigated 12 months after the completion of the study (Hellenius et al., 1997) . In this study, we investigated whether the intervention had induced changes in circulating inflammatory biomarkers (CRP and IL-6) and soluble vascular adhesion molecules (sICAM-1, sVCAM-1 and sE-selectin) in the same population. Whereas CRP and IL-6 were unchanged, significant intervention-associated changes in sICAM-1 and sE-selectin levels were detected in this study. The most obvious effects were observed in the combined group DE in which sE-selectin, and especially sICAM-1 levels were significantly reduced. However, marked reductions in sICAM-1 were also detected in group C. At first sight, the numerically higher baseline concentrations of sICAM-1 might seem a plausible explanation for this response. Although we cannot completely rule out this possibility, our analyses were adjusted for baseline concentrations, which should have prevented such spurious findings. The observed improvements are more likely explained by actual lifestyle changes in both intervention and control individuals. Published as well as unpublished data from this study indicate that control individuals, at least to some degree, improved their physical fitness and lowered their caloric intake with subsequent changes in measures of abdominal obesity (Hellenius et al., 1994) . This phenomenon is not uncommon in studies addressing lifestyle intervention, and although it complicates the scientific interpretation of the results, it certainly mediates positive consequences from a clinical point of view.
Our results are in agreement, at least to some degree, with previous findings showing a prudent diet to be negatively related to inflammatory markers and vascular adhesion molecules (Jenkins et al., 2003; Lopez-Garcia et al., 2004; Fung et al., 2005; Dvorakova-Lorenzova et al., 2006; Giugliano et al., 2006) . Nutrient-specific studies have suggested favourable effects on inflammation and/or vascular function from diets enriched with omega-3 fatty acids, fibre, fruit and vegetables or from diets low in cholesterol, trans-fatty acids and alcohol (Basu et al., 2006; Giugliano et al., 2006; Sjogren et al., 2007; Galisteo et al., 2008) . Indeed, data on dietary changes in this population (previously described in (Hellenius et al., 1993; Hellenius et al., 1994) ) revealed that many of our participants lowered their intake of alcohol and cholesterol, whereas the intake of fibre as well as fruit and vegetables (according to dietary carotenoid intake) had increased after 6 months intervention. These dietary changes may have contributed to the results obtained in this study. Variables included, but not entering the models were for CRP: heart rate at 150 W and sICAM-1; for IL-6: apoB, HDL-C, sICAM-1 and sE-selectin; for sICAM-1: LDL-C, HDL-C, IL-6 and sVCAM-1; for sVCAM-1: sICAM-1; and for sE-selectin: weight, LDL-C, insulin and sVCAM-1.
Of note, changes in the intake of trans-and omega-3 fatty acids were not available in our population. Collectively, our results are partly in line with the official guidelines emphasizing lifestyle changes in the prevention and treatment of CVD (Graham et al., 2007; Lanas et al., 2007) . In the search for determinants of changes in CRP, IL-6, sICAM-1, sVCAM-1 and sE-selectin, we identified strong and independent relationships between many of these inflammatory biomarkers and adhesion molecules. However, we also identified alterations in apoB as a major determinant of changes in circulating sICAM-1 and sE-selectin levels in our individuals. The beneficial effect on vascular function from changes in apoB was present despite the inclusion of feasible predictors of vascular function, such as inflammatory biomarkers, in the models. This observation gives further support to the importance of lowering atherogenic apoB-containing lipoproteins in the prevention of CVD. In addition, we identified alterations in insulin to determine changes in CRP, and alterations in abdominal obesity to determine changes in sE-selectin, both of which are in agreement with previous publications (Fornoni and Raij, 2005; Kim et al., 2006) . Surprisingly, alterations in LDL cholesterol were inversely related to IL-6 changes in multivariable analysis. The latter observation is hard to interpret and might be a chance finding. Finally, the strong interrelationships between inflammatory biomarkers and adhesion molecules prompted us to repeat the adjusted analyses, excluding inflammatory biomarkers and adhesion molecules. This was done to assure that less powerful predictors were not obstructed in our multivariable models. However, with this approach, no additional biochemical or anthropometric alterations entered to predict changes in CRP, Il-6, sICAM-1, sVCAM-1 or sE-selectin (data not shown).
The results of this study should be considered with the following caveats. The actual intervention took place between 1990 and 1991, whereas biomarkers of inflammation and soluble vascular adhesion were quantified 9 years later. Hence, the samples were stored for several years, which could have induced spurious findings. However, all samples were kept unthawed at À70 1C, and one can anticipate that spurious findings were prevented under these optimal conditions, which is supported by long-term storage data on both CRP and IL-6 (Kenis et al., 2002; Ishikawa et al., 2007) . Of note, all other parameters were quantified in close proximity to the accomplishment of this study. Furthermore, the sample sizes of our intervention groups are rather small (B40 individuals per group) and the power to detect subtle changes in circulating biomarkers is therefore restricted.
In summary, we have shown that giving simple advice on lifestyle changes to middle-aged men with mild hypercholesterolemia can induce changes in soluble vascular adhesion molecules, which is indicative of improved vascular function. We further identified apoB as an important determinant of this improvement, which adds further support to the notion of apoB as a critical target in cardiovascular prevention
